Background. This report describes the levels of physical function in U.S. Chinese older adults utilizing self-reported and performance-based measures, and examines the association between sociodemographic characteristics and physical function.
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longitudinal studies of community-dwelling black and white older adults suggested that not only the racial disparities existed in baseline data, but black disadvantage in physical disabilities increased over time with age (11, 12) . A few regional studies also investigated the physical health status of Asian American older adults and found that Asian American older adults may exhibit poorer physical health than older adults in the general population; furthermore, there existed a high level of heterogeneity of physical health burden among different Asian American subcategories (13, 14) . Although reducing racial/ethnic disparities in physical disabilities remain a national priority of Health People 2020 program (15) , progress toward this goal requires more systematic studies of overall physical function among all subpopulations of older adults.
To our knowledge, relatively little is known regarding physical function status among U.S. Chinese older adults, one of the fastest growing aging populations in the country (16) .Owing to obstacles in data collection, subgroup heterogeneity, and recruitment barriers, limited assessments exist of physical function among U.S. Chinese older adults (17) . The lack of population-based epidemiological research that utilizes comprehensive measures of physical function in the U.S. Chinese population also makes it difficult to compare functional status across racial/ethnic groups. Furthermore, existing qualitative studies suggest that Chinese older adults often perceived their aging process accompanied by a sense of helplessness, and feeling of no control over the course of life and illnesses. The insecurity about physical function decline may be associated with placing less importance on health-seeking behaviors, delayed treatment, and worsened quality of life (17, 18) .
Therefore, the purpose of this study was to expand our current understanding of physical function status of aging populations using both self-reported measures and performance-based measures. Specifically, using data drawn from a large population-based study of U.S. Chinese older adults, the current study aimed to: (i) assess physical function, utilizing both self-reported and performance-based measures, (ii) examine the association between self-reported and performance-based measures of physical function, and (iii) explore sociodemographic and health status correlates of physical function in Chinese older adults.
Methods
Population and Settings
The Population Study of Chinese Elderly in Chicago (PINE) is a community-engaged, population-based epidemiological study of U.S. Chinese older adults aged 60 and older in the Greater Chicago area. The purpose of the PINE study is to collect community-level data of U.S. Chinese older adults to examine the key cultural determinants of health and well-being. The project was initiated by a synergistic community-academic collaboration among the Rush Institute for Healthy Aging, Northwestern University Medical Center, and many community-based social services agencies and organizations throughout the Greater Chicago area. Details of the PINE study have been described elsewhere (19) .
The PINE study implemented extensive culturally and linguistically appropriate community recruitment strategies guided by a community-based participatory research approach (17, 20) . The inclusion criteria included: (i) older adults over the age of 60 years old, (ii) self-identified as Chinese, (iii) resided in the Greater Chicago Area. Out of 3,542 eligible older adults approached in the Greater Chicago area, 3,159 agreed to participate in the study, yielding a response rate of 91.9%. Participants were surveyed by bilingual research assistants in their preferred language and dialects. Based on available data drawn from U.S. Census 2010 and a random block census project conducted in the Chinese community in Chicago, the PINE study is representative of the Chinese aging population in the Greater Chicago area with respect to key sociodemographic characteristics, including age, gender, education, income, marital status, and country of origin (21) . The study was approved by the Institutional Review Board of the Rush University Medical Center.
Measurements
Physical function assessment.-We assessed physical function with four well-established measures of ability to perform common daily activities. The first was the Katz Index of activities of daily living (ADL), which measured physical function impairment in an individual's ability to perform basic self-care tasks (22) . Participants reported the level of help needed in eight ADL. We then created a continuous variable by summing scores from the 8 items; 0 indicated participants required no help in the ADL item, and 1 indicated that help is needed. Therefore, the aggregate scores ranged from 0-8, with higher scores indicting greater levels of impairment. Our analyses of the Katz ADL measure demonstrated excellent reliability with Cronbach's alpha of 0.92. Our second measure was the Lawton instrumental ADL (IADL), which asked participants to selfreport the extent of help needed in 12 different activities (23) . A continuous variable with score range 0-12 was created, 0 indicated participants required no help in the ADL item, and 1 indicated that help is needed, with higher scores indicting greater levels of impairment. The IADL measure also demonstrated good reliability with Cronbach's alpha of 0.90.
The third measure was an index of mobility based on work by Rosow and Breslau (24) . Three items measured the help needed to do heavy work around the house, walk up and downstairs, and walk half a mile (Cronbach's Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/69/Suppl_2/S31/606103 by guest on 12 March 2019 alpha = 0.80). Adding the individual items yielded a summary score with a range from 0 to 3, with higher scores indicating greater levels of impairment. The fourth measure used was an index of basic physical activities measuring five activities of upper and lower extremity function, based on work by Nagi (25) . Each item was scored according to degree of difficulty. A summary score with a range from 0 to 5 was created, with higher scores indicating greater levels of impairment. The Cronbach's alpha of this measure was 0.80 in our study sample.
In addition to the self-reported measures, we also assessed physical function with physical performance testing. Associations between measures of reported disability and physical performance tests are usually strong (26) . The tests of walking performance captured the number of seconds needed to complete the task. Other tests assessed the number of actions (eg, standing) completed within a specified time period. The performance test consisted of (i) chair stand-the ability to rise to a standing position from a chair, (ii) tandem stand-assessed through a lead-in performance tests (semi-tandem) which then changes into either full tandem, or side-by-side, depending on the performance on semi-tandem, (iii) an 8-foot timed walk.
We then created summary score for each of the tasks, each ranged 0-5. For chair stand, 0 indicated that participants cannot do a chair stand without using arms, not attempt for safety, or tried but unable; 1 indicated 1-4 chair stands, but not 5 repeated; 2-5 represented quartiles of time for five repeated chair stands. For tandem stand, 0 indicated unable to do side-by-side stand, or not attempted; 1 indicated the ability to hold side-by-side stand less than 10 seconds; 2 indicated the ability to hold side-by-side for 10 seconds, but unable or refused to do semi-tandem; 3 indicated the ability to hold side-by-side stand for 10 seconds, and able to do semi-tandem, but less than 10 seconds; 4 referred to the ability to hold semi-tandem for full 10 seconds; and 5 indicated the ability to hold full tandem for 10 seconds. For measured walk, 0 indicated participants were unable to do the walk. For the rest, we divided walking time into quintiles, with lowest quintile (shortest time) getting a score of 5, whereas the highest quintile (longest time) getting a score of 1. Summary scores of these physical performance tests were then created (range 0-15, higher score indicating better function) (12, 27) .
These performance tests and analytical procedures have been used in large-scale population studies, including the Established Populations for the Epidemiological Studies of the Elderly project (5) and the Chicago Health and Aging Project (28, 29) . These tests demonstrated good internal consistency and reliability in our study, with a Cronbach's alpha of 0.69.
Sociodemographic characteristics.-Sociodemographic profile characteristics included age, education, annual income, marital status, number of children, living arrangement, language preference, country of origin, years in theUnited States, and years in the community. Overall health status was measured by asking participants, "In general, how would you rate your health?" on a four-point scale. Quality of life was assessed by asking, "In general, how would you rate your quality of life?" on a four-point scale. Health changes over the last year was measured by the question, "Compared to one year ago, how would you rate your health now?" on a three-point scale.
Data analysis.-Descriptive statistics were used to summarize sociodemographic characteristics, family composition, health related, and quality of life of our sample of U.S. Chinese older adults. The psychometric properties of the aforementioned measures were examined to test their adequacy and use among U.S. Chinese older adults. Pearson and Spearmen correlation coefficients were calculated to determine the relationships between sociodemographic and health-related variables and composite score of each physical function test. Missing data for the ADL, IADL, index of mobility, Nagi, chair stand, tandem stand, walking test were: 0.13%, 3%, 0.5%, 0.6%, 1.5%, 1.4%, and 0.04%, respectively. If participants had missing data, they would be removed from the analysis of that individual measure. We used SAS, Version 9.2 for all statistical analyses (SAS Institute Inc., Cary, NC).
Results
Participants
Of the 3,159 participants, 58.9% were female. Participants had a mean age of 72.8 (SD ± 8.3), with age ranging from 60 to 105 years old. The mean number of years of completed education was 8.7 (SD ± 5.1). The majority of participants (85.1%) received less than $10,000 in annual income. Most participants were married (71.3%), 24.5% were widowed, 2.4% were divorced, and 1.8% were separated. Participants' mean years of residing in the United States was 20.0 (SD ± 13.2). The majority emigrated from Mainland China (92.8%).
Self-Reported Physical Function Impairments
A total of 7.8% of study participants reported some level of ADL impairment and 50.2% experienced IADL impairment. In sum, 50.4% of study participants experienced some level of ADL or IADL physical function impairment. The most prevalent ADL impairment was walking; needing help with shopping was the most prevalent IADL impairment (Table 1) . Participants had a mean ADL impairment composite score of 0.2 (SD ± 0.9), with scores range from 0-8. The median ADL impairment was 0. With respect to IADL, the mean IADL impairment composite score of 1.8 (SD ± 2.6) and median score was 1. The mean combined ADL and IADL impairment score was 2.0 (SD ± 3.6) and median score was 1.
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When mobility was assessed using the Index of Mobility scale, 35 .7% reported that they cannot do heavy work around the house ( Table 2 ). The mean summary score of impairment was 0.7 (SD ± 1.1), and median was 0. With respect to the level of difficulty in basic physical activities assessed with NAGI test, 41.9% of the participants reported having difficulty with stooping, crouching, and kneeling. The mean summary score of NAGI impairment was 1.5 (SD ± 1.6) and median was 2.0.
Physical Performance testing
A total of 11.4% of the participants were not able to complete chair stand for five times, and 8.5% of the participants were unable to do chair stands at all ( Table 3 ). The mean score was 2.9 (SD ± 1.5), and median was 3.0. With respect to the tandem stand, 4.5% of participants were unable to complete a side-by-side stand; 11.4% of participants were unable to complete a semi-tandem stand, and 26.2% were unable to complete a tandem stand. The mean score for tandem stand was 4.4 (SD ± 1.2) and median score was 5.0. With respect to the timed walk, participants spent a mean of 5.7 seconds to complete the 8-foot walk (SD ± 4.5), with time ranging from 1.5 to 75.9 seconds. The median time was 4.4 seconds. The mean score for three tests combined was 10.4 (SD ± 3.3).
Correlation Between Self-Reported Measures and Physical Performance testing
All four self-reported physical function tests were significantly correlated with the three physical performance testing scores (Table 4) . We found that the relationship between self-reported physical impairment measures and physical performance tests ranged from weak to moderate, with correlation coefficients ranging from −.32 to −.47. Correlations were highest between the test for NAGI impairment and the chair stand test (r = −.48), IADL impairment and the tandem test (r = −.47), and IADL impairment and the timed walk (r = −.46). All p values were statistically significant.
Correlation Between Sociodemographic Variables and Physical Function
For self-reported measures (Table 4) , older age (r = .48), female gender (r = .10), lower level of education (r = −.17), being unmarried (r = −.20), living with fewer household members (r = −.18), having more children (r = .21), having been in the United States for more years (r = .18), having been in the community for more years (r = .12), worsened self-reported health status (r = .28), worsened quality of life (r = −.06), and worsened health over the last year (r = −.13), were correlated with ADL/IADL impairment.
Similar trends were observed with respect to other selfreported measures, with the exception of the income variable. Lower levels of income were correlated with lower levels of NAGI (r = −.04), whereas the correlation between other physical function tests and income level did not meet statistical significance.
Regarding physical performance tests, younger age (r = −.46), being male (r = −.12), higher level of education (r = .26), being married (r = .24), living with more household members (r = .20), having fewer children (r = −0.24), having been in the United States for fewer years (r = −.24), having been in the community for fewer years (r = −.15), better self-reported health status (r = .26), better quality of life (r = .11), and improved health over the last year (r = .16) had significant correlations with better physical performance test summary scores.
Discussion
In the present study, we administered self-reported physical function assessments and physical performance testing to evaluate physical function among U.S. Chinese older adults. According to the Older Americans 2012 federal report of overall well-being of U.S. older adults, 41.4% of Medicare enrollees aged 65 and older had physical function impairment in ADL or IADL (30) . In addition, a recent study based on 2000 U.S. Census data reported that older Asian immigrants may face a greater likelihood of having a disability than U.S.-born non-Hispanic whites. Specifically, Asian immigrants were more likely than U.S.-born elderly to have difficulty going out shopping alone, going to a medical appointment, and have problems performing personal care such as dressing, bathing, and getting around the house (31) . In comparison with these previous findings of U.S. general aging population, our data reveal a higher prevalence of functional impairment, a total of 50.4% of U.S. Chinese older adults experience some levels of impairment in ADL and IADL, with the most pronounced impairments in shopping, housework, and traveling.
There is also a growing body of literature that addresses the prevalence of physical function impairments among Chinese older adults in Asia. A population-based study of community-dwelling Chinese older adults in Beijing aged 60 and older found that the prevalence of functional disability was 6.5% for ADL and 7.9% for IADL (32) . Another population-based study found that the prevalence of impairment in ADL was 8.3% among urban Shanghai Chinese older adults 65 years and older (33) . In comparison, our study shows a higher prevalence of physical function impairment, in which 7.8% of older adults experienced impairment in ADL and 50.2% had impairment in IADL. These differences may be a result of different items used, so more unified functional tasks need to be devised and implemented for future valid comparisons across diverse Chinese populations.
With respect to performance-based measures, we found that Chinese older adults experienced higher levels of physical function impairment in comparison with their Caucasian counterparts. Findings from population studies of older adults aged 65 and older in the Chicago Health and Aging Project that utilized the same measure reported a mean score of 10.2 in its community-dwelling study sample, in which white older adults reported the score of 10.9, whereas black older adults reported the mean score of 9.8 (12, 27) . The summary score for was 10.4 (score ranged 0-15) in our study sample of older adults aged 60 and older. Additional studies are needed to further describe racial/ ethnic disparities in physical function and to determine the sociodemographic mechanisms by which racial/ethnic disparities may occur. Our report is also among the first to examine physical function using both self-reported physical function assessments and physical performance testing in a large population of Chinese older adults. Statistically significant correlations were found between performance measures and self-reported assessments in this study. However, the levels of correlation were weak to moderate, suggesting that the performance measures may not be adequately assessing the same tasks assessed by the self-report measures. We suspect the lack of correlation may also be largely due to reporting bias prescribed by the traditional Chinese culture value of "saving face.". That is, despite older adults may not be able to physically carry out an ADL/IADL task, they may still report that they do not need any help in order to save face and provide socially desirable answers.
Researchers have also found discordance between self-report and performance-based tests in previous studies designed specifically to compare older adults' ability to complete standardized tasks representing ADL/IADLs with their self-reported disability in these tasks (34, 35) . Our study supports the suggestions of prior studies that combining both measures may decrease the potential biases associated with the self-reported functional measure, and provide more objective and uniform testing of physical performance abilities. In addition, our findings may permit cross-cultural comparisons between Chinese older adults and different racial/ethnic groups on the level of physical function, especially in longitudinal studies and descriptive epidemiology research. Additional studies are needed to systematically examine how the associations between self-reported and performance-based measures may have differed between Chinese older adults and other ethnic/racial groups.
Female gender and lower level of education were correlated with lower physical function scores. Consistent with observations in prior population-based studies of Chinese older adults in the United States and in China (7, 33) , our study suggests that there are gender differences in both selfreported physical function and performance measures, that is, older women reported higher levels of physical function impairment. However, we have limited information regarding whether older women's higher prevalence of reported functional impairment may be a true reflection of disability. Longitudinal studies are needed to investigate risk and protective factors associated with physical function impairment. In addition, our study suggests that being married is correlated with lower levels of self-reported physical function impairments and higher levels of performance-based physical function, which is consistent with previous studies (32) . Whereas higher levels of physical function was negatively correlated with the number of people living in the same household, older adults who live alone may be exposed to greater vulnerabilities for elder self-neglect (28) . Given the Chinese cultural significance of traditional multigenerational living arrangements and larger family compositions, the impact of family dynamics on functional status changes among older adults warrants further investigation.
The findings of this study should be interpreted with limitations. First, participants in this study all reside in the Greater Chicago area, so the findings may not be generalizable to Chinese populations in other regions of United States or in other countries. Future studies are needed to explore potential geographical variations. In addition, in line with previous research (36) , our data reveal that all physical function test scores were correlated with selfreported health variables. However, due to the cross-sectional nature of our data, we were not able to postulate on the potential temporal relationships. Prospective studies are needed to explore changes in the association between physical function decline and health trajectories over time (37) . It is also critical to collect additional information on dismobility and medical condition (38) . Future hypotheses testing research is needed to provide an in-depth understanding of the risk/protective factors associated with physical function impairment in Chinese older adults. Last, we did not have information regarding older adults' medical comorbidities, chronic conditions, nutrition, or lifestyle habits, which would likely affect physical function. In addition, our sample pertains to community-dwelling older adults and impairment levels are likely greater among institutionalized older adults. Nevertheless, this study provides new insights into assessment of physical function among a rapidly growing U.S. minority population and lays the groundwork for future studies on these issues.
This study has important practical and policy implications. For caring family members, it is important to encourage older adults to enhance physical fitness with adequate exercise. In Chinese culture, adult children may often ask frail older adults to lay down and rest, instead of involving in physical exercise, which may likely further exacerbate disability. Balancing filial piety obligations and parents' physical needs of exercise is the key to maintain older adults' health and well-being. For social services agencies, most programs require physical function screening to determine the degree of vulnerability and unmet needs. More concerted public health effort must be paid to those older adults who are of older age, female gender, lower education level, being unmarried, living with fewer people in the same household, and worsening health status. This subpopulation of older adults may be more likely to experience higher levels of physical function impairment. In addition, it may be of critical importance to administer both self-reported and performance-based measures to accurately report levels of functional impairment. Community-based intervention programs may improve functional outcomes and reduce nursing home admissions in older people. Strategies for disability prevention must be developed further at the policy level and with culturally and linguistically appropriate measures to serve our diverse aging populations.
Conclusions
Our study utilized comprehensive measures of physical function to assess the physical function of communitydwelling U.S. Chinese older adults. Our findings suggest U.S. Chinese older adults are vulnerable to physical function impairments, especially among those who are of older age, female gender, lower education level, being unmarried, living with fewer people in the same household, having fewer children, living fewer years in the United States, living fewer years in the community, and worsening health status. Using both self-report and performance measures adds to our understanding of Chinese older adults' functional status and may be a valuable addition to the assessment of physical function among aging populations. 
